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HYPOXIA INDUCED HYPOTHERMIA AND HEMOGLOBIN OXYGEN 

AFFINITY I N  THE GENUS PEROGNATHUS 

Page Hayden 

The c l a s s i f i c a t i o n  of mamnals i n t o  the  broad ca t egor i e s  of "hiber-  

n a t o r "  and "non-hibernator" is based upon t h e  ind iv idua l  spec ies  a b i l i t y  

t o  spontaneously re-warm from body temperatures t h a t  are  lower than 

"normal." These abnormal body temperatures may be evoked by depr iv ing  

t h e  animal of oxygen so t h a t  the hea t  producing processes  a r e  c u r t a i l e d  

wh i l e  e s s e n t i a l  metabol ic  r eac t ions  cont inue.  The lowering of body 

temperature,  i n  t u r n ,  e s t a b l i s h e s  new requirements and equi l ibr ium of  

a l l  p rocesses  involved i n  a p a r t i c u l a r  thermal realm. This  continued 

cyc l ing  of decreased oxygen concent ra t ion  and r e s u l t a n t  cool ing of t h e  

animal can be pursued t o  near ly  any l e v e l  of depressed body temperatures 

des i r ed .  Upon r e s t o r a t i o n  of  normal oxygen concent ra t ion ,  t he  "hiber-  

na t o  rll ( o r  f a c u l t a t i v e  homeo therm) possesses  s p e c i a l i z e d  phys i o  log ica  1 

mechanisms, i .e.,  brown f a t ,  s e l e c t i v e  vasocons t r i c t ion ,  b a s i c  nerve 

d i f f e r e n c e s ,  etc., by which i t  can rewarm t o  normal body temperature.  

While t h e  o b l i g a t e  homeothermmay l i v e  f o r  a time a t  reduced body tempera- 

t u r e ,  i t  w i l l  eventua l ly  d i e .  Not only is l i f e  l imi t ed  a t  reduced t e m -  

pe ra tu re ;  t h e r e  is a l s o  a t e m p o r a l  l i m i t  a t  which the  animal may remain 

a t  t h e  reduced temperature  and be revived success fu l ly  (1). 

Within t h e  genus Perognathus (pocket mice) a r e  spec ie s  t h a t  a r e  

known t o  express  d a i l y  per iods  of moderate hypothermia o r  even deep hypo- 

thermia (dependent upon p reva i l i ng  ambient temperature)  i n  r e l a t i v e l y  

uns t r e s sed  l abora to ry  condi t ions  (food, bedding and n e s t  chamber). One 

of t h e s e  spec ie s  (L longimembris) expresses  an  annual w in te r  per iod of 

i n a c t i v i t y  i n  i t s  n a t u r a l  s t a t e .  

express  a labora tory  induced moderate hypothermia i n  d i r e c t  response t o  

decreased food supply.  

t h a t  t h e  lower l i m i t  of su rv iva l  is 15OC (2 ) .  The spec ie s  apparent ly  cannot 

re-warm i f  i t s  body temperature f a l l s  below t h e  c r i t i c a l  value.  

2. c a l i f o r n i c u s  has been documented t o  

This  to rpor  i n  - P. c a l i f o r n i c u s  i s  i n t e r e s t i n g  i n  
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The report of a lower temperature limit for survival in torpid 

- P. californicus aroused interest in determining thermal limits for other 
species within the genus. 

correlations between oxygen-binding characteristics of the blood and the 

various degrees of facultative homeothermy observed in Perognathus sp. 
Of equal interest, perhaps, was the possibility of relating one or more 

of these characteristics to the high resistance to ionizing radiation 

exhibited by several members of this genus, thereby providing a clue to 
the mechanism of radiation resistance in Perognathus. 

It also raised the related question of possible 

METHODS AND MATERIALS 

The methods of producing, regulating and monitoring the response of 

confined, but not restrained, animals has been presented in detail ( 3 ) .  

Briefly, animals with abdominally implanted temperature sensing telemeters 

are exposed to various hypoxic mixtures of oxygen and nitrogen in a cold 

chamber with animal temperature response and oxygen concentrations being 

recorded. 

The evaluation of the oxygen binding capacity of the blood of the 

rodents required the development of micro-techniques to handle the small 
quantity of blood that was available from the smaller species (i.e., 

- P. longimembris weighing 10 gm). 
samples for the macro-techniques available. This, in turn, would require 
the exsanguination, and consequent sacrifice, of relatively large numbers 

of the smaller species (which were in limited numbers). 

The alternative was to pool blood 

The technique used was built around the Natelson Microgasometer 
(Scientific Industries, Queens Village, N.Y.). 

fied and miniaturized classical Van Slyke manometric method of gas analysis. 

Gases are released from a liquid sample, and by selective absorption of 

specific gases and changes in total volume, at a standard pressure, the 

amount of a specific gas can be determined. 

The instrument is a modi- 

Blood samples were taken by cardiac puncture. A 0.5 ml syringe that 
All animals were lightly anesthe- had been rinsed with heparin was used. 

tized with Metofane (Pitman-Moore) and given 0.4 ml of sterile physiological 
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s a l i n e  I.P. immediately before  blood sampling. The blood sample was 

maintained i n  an ice ba th  p r i o r  t o  tonometric equi l ibr ium wi th  known 

concent ra t ion  gases .  

The tonometr ic  v e s s e l s  were 3 m l  con ica l  bottom p l a s t i c  beakers  

(Auto Analyzer, Techincon Instrument Corp.) f i t t e d  wi th  rubber dropper 

bulbs  so t h a t  gases  could be in j ec t ed  v i a  hypodermic needles .  

e longa te  squeeze p o r t i o n  of the bulb  was f i l l e d  wi th  f i n e  g l a s s  wool- 

s a t u r a t e d  wi th  water s o  t h a t  incoming dry gases  would be  humidified.  

The excurren t  p o r t  needle  pene t ra ted  t h e  dropper near  t h e  beaker l i p  and 

extended approximately one-half way i n t o  the  beaker  t o  a s s u r e  good mixing 

of  t he  r e s i d u a l  and i n c u r r e n t  gases.  A l l  beakers were l i ned  wi th  a 

coa t ing  of s i l i c o n  g rease  t o  present  a hydrophobic s u r f a c e  on which t o  

p l a c e  t h e  blood sample. Although 0.03 m l  of blood was requi red  by t h e  

ana lyzer ,  0.05 ml of blood was placed i n  each tonometr ic  ves se l .  

concen t r a t ion  oxygen mixtures ,  varying from 10-90 mm p a r t i a l  p re s su re  

oxygen wi th  41  mn carbon dioxide and makeup n i t r o g e n  (obtained from and 

analyzed by Matheson Corp.) were passed through t h e  tonometers i n  two 

200 m l  f l u s h e s  separa ted  by a 10-minute equi l ibr ium per iod .  

ib r ium t i m e  w a s  20 minutes i n  a 37.OoC cons tan t  temperature  incubator .  

During e q u i l i b r a t i o n ,  t he  tonometers were r o t a t e d  i n  a Bryan-Garrey blood 

p i p e t t e  r o t o r .  

t hey  were covered wi th  a 3 mm l aye r  of de-aerated c a p y r l i c  a lcohol  i n j e c t e d  

i n t o  t h e  sea led  tonometer. 

The 

Known 

To ta l  equ i l -  

Before p l ac ing  t h e  blood samples i n  t h e  microgasometer, 

A l l  t i m e  schedules  were r i g i d l y  observed t o  preserve  a common temporal 

base l ine .  

and instrument  check via determinat ion of oxygen i n  a i r ,  and a l l  blood 

sample de te rmina t ions  included a complete procedura l  check wi th  a n i t rogen-  

carbon d ioxide  blood e q u i l i b r a t i o n .  

A l l  microgasometric ana lyses  w e r e  preceeded by a d a i l y  reagent  

Experimental va lues  for oxygen content  expressed a percent  of maximum 

capac i ty  of  t h e  blood, a t  t h e  var ious concen t r a t ions  of oxygen, were 

p l o t t e d  on l i n e a r  graph paper .  A curve w a s  f i t t e d  t o  t h e  mean va lues  

(N=5, e x c e p t z .  c a l i f o r n i c u s  N = 3 ) ,  and t h e  p o i n t  a t  which ha l f  of t h e  

hemoglobin was s a t u r a t e d  (T% s a t )  was determined. 

3 



- P. f a l l a x  response t o  hypoxia induced hypothermia is summarized i n  
Table  11. One animal was unable t o  re-warm from 16.6OC and was dead 

be fo re  15 hours a t  7OC. Four o ther  animals could no t  re-warm between 

temperatures  of 11.9-12.7%. Two of t h e s e  animals had previous ly  re- 

warmed from 14.8% t o  14.3OC, respec t ive ly .  After a series of p rogres s ive ly  

deeper  hypothermic exper iences ,  a p. f a l l a x  re-warmed from a temperature  

of 9.2% (F-824, Table II), and t h e r e  i s  s t rong  evidence t h a t  t h i s  same 

animal would have been a b l e  t o  arouse from a temperature  near 7OC, as noted 

i n  t h e  remarks (Table 11). 

t o  normal temperature  and, a f t e r  a per iod ,  en te red  a spontaneous torpor .  

A spontaneous re-warming from t h i s  l a t t e r  t o r p o r  only reached 17.8OC when 

t h e  animal re-entered t o r p o r  and d i ed  before  12 hours.  The p o i n t  is t h a t  

t h e  rewarming processes  were successfu l  i n  r a i s i n g  t h e  body temperature 

This animal underwent an a rousa l  from 9.2% 

4 

It should be  emphasized tha t  a l l  determinat ions were made on whole, 

und i lu t ed  and unbuffered blood a t  41 m CO pressure .  Thus the  blood w a s  

k e p t  as c l o s e  t o  cond i t ions  ex i s t ing  i n  t h e  l i v i n g  animal a s  p r a c t i c a b l e  

under experimental  condi t ions ,  except f o r  t h e  i n e v i t a b l e  aging of t h e  

sample during t h e  s e v e r a l  hours t h a t  e lapsed during t h e  determinat ion of 

t h e  d i s s o c i a t i o n  curve.  

2 

RESULTS AND DISCUSSION 

I. Hypoxic Hypothermia 

Table I i s  a summary of the response of P. formosus t o  hypoxic 

induced hypothermia. Of t h e  s i x  animals run, one showed a spontaneous 

re-warming from a deep body temperature of 7.5%. However, i n  f o u r  of 

t h e  s i x  animals,  re-warming d i d  n o t  t ake  p l a c e  when t h e  deep body tempera- 

t u r e  was between 10-ll°C. 

s e v e r a l  days l a t e r .  

14  hours,  y e t  maintained i t s  capac i ty  t o  be re-warmed and l i v e .  

t h e  f o u r  animals t h a t  showed no re-warming died be fo re  15 hours from the  

t i m e  of r e s t o r a t i o n  of normal atmosphere. This  low temperature v i a b i l i t y  

is apparent ly  no t  d i r e c t l y  assoc ia ted  wi th  an immediate success fu l  low 

temperature  recovery as compared i n  F-597 and F-B, Table 1. 

One animal success fu l ly  re-warmed from 12.5% 

This  animal had a deep body temperature nea r  7% f o r  

Three of 
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up ou t  of t h e  c r i t i c a l  range. The d e c l i n e  and eventua l  dea th  of t h e  

i n d i v i d u a l  were probably assoc ia ted  wi th  t h e  d e p l e t i o n  of energy s t o r e s  

dur ing  t h e  immediately preceding thermal stresses. 

It is d i f f i c u l t  no t  t o  specula te  on t h e  e f f e c t  of t h e  prev ious  hypo- 

thermic experiences of t h e  animal t h a t  aroused from 9.2OC (and from 7OC, 

a l s o ) .  Would t h i s  animal have aroused from t h e s e  low temperatures i f  i t  

had been exposed t o  them without  !!benefit t1 of t he  previous a rousa l?  

There i s  evidence t h a t  t h e  animal probably had gained some advantage 

through t h e s e  t r i a l  exposures,  an ' ladaptat ion t o  hypothermia." It has 

been demonstrated t h a t  whi te  rats p rev ious ly  experiencing hypothermia 

have a n  improved operant  behaviour wi th  regard t o  t h e  a c q u i s i t i o n  of 

e x t e r n a l  hea t .  These experienced r a t s  acqui red  an  ins t rumenta l  technique 

of a r t i f i c i a l l y  warming f a s t e r  and from a lower body temperature (25OC v s  

29OC) than  t h e  hypothermic novice ( 4 ) .  

This  "adapta t ion  t o  hypothermia" may be  t h e  l abora to ry  equ iva len t  of 

t h e  n a t u r a l l y  occur r ing  "test drops" observed i n  animals prepar ing  f o r  

h ibe rna t ion .  A r e l a t e d  phenomenon has  been observed i n  E .  longimembris, 

i n  t h a t  pe r iods  of t o r p o r  increase  i n  length  t o  t h e  maximum value  of 72 

hours  (5). 

occu r r ing  to rpor ,  and appears  t o  be  a "temporalrl adap ta t ion  t o  t h e  ex- 

tended hypothermic s t a t e .  

There i s  a gradual  i nc rease  i n  t h e  length  of a n a t u r a l l y  

The s i g n i f i c a n c e  of t h e  condi t ioning t o  hypothermic s ta tes  may be 

impor tan t  t o  t h e  d e f i n i t i o n  of t he  zone of response a v a i l a b l e  t o  a p a r t i c u l a r  

spec ie s ,  b u t  it seems t o  be  unimportant i n  br idging  t h e  responses  between 

p o t e n t i a l  h ibe rna to r s  and ob l iga t e  homeotherms. It i s  h ighly  improbable 

t o  t h i n k  t h a t  a h ighly  experienced whi te  r a t  could assume t h e  responses  

of even a novice f a c u l t a t i v e  homeothem i n  a hypothermic s i t u a t i o n .  

The d a t a  thus  f a r  acquired on members of t h e  genus Peroanathus 

i n d i c a t e  t h a t  t h e  b a s i c  response o f  t h e  a b i l i t y  t o  spontaneously re-warm 

from a r t i f i c i a l l y  induced low body tempera tures  i s  p resen t  i n  P. ' longimembris,  

- P. formosus, and E .  f a l l a x .  The lowest  temperature  a t  which success fu l  

re-warming has  been observed is: 9.l0C, 7 . 5 O C  and 7.5OC, r e s p e c t i v e l y ,  a t  

8 
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a n  ambient temperature of 7OC. This  l e v e l  of response places them w e l l  

i n t o  t h e  range occupied by c l a s s i c a l  h ibe rna to r s ,  i .e.,  ground s q u i r r e l  

a r o u s a l  a t  l l ° C  vS r a t  a t  23OC (6).  

S p e c i f i c  experimentat ion with regard t o  extended s t a y  a t  hypothermic 

temperatures  compatible wi th  su rv iva l  was  no t  undertaken, bu t  s e v e r a l  

in format ive  observa t ions  were made. 

re-warming a f t e r  14 hours a t  7.5OC. 

have a s h o r t e r  hypothermic exis tence.  

a f t e r  18 hours a t  7.5OC, and remained a l i v e  i n  t h e  re-warming process  t o  

1 5 O C ,  i t  d ied  wi th in  15 hours .  Another one d i ed  w i t h i n  3 hours a f t e r  low 

body temperature  w a s  reached. 

One 2. formosus was noted t o  su rv ive  

I n  c o n t r a s t ,  2. f a l l a x  appears  t o  

Although one was noted t o  be a l i v e  

Earl ier  work had ind ica t ed  t h a t  - P. longimembris probably had a maximum 

induced hypothermic l i m i t  compatible wi th  s u r v i v a l  of near  36 hours ( 3 ) .  

However, s i n c e  t h a t  time, successfu l  r e s t o r a t i o n  of normal body temperature  

has  been made a f t e r  86 hours a t  a body temperature  near  7.5O C. 
h e a l t h y  su rv ivo r s  of 70, 72 and 86 hours have been maintained i n  t h e  

l abora to ry  f o r  a number of  months. 

maximum dura t ion  of a n a t u r a l  hypothermic s t a t e  so f a r  observed i n  t h e  

l a b o r a t o r y  under optimum condi t ions  a s  t o  t i m e  of year ,  i s o l a t i o n  and 

environmental  temperature (5).  

Three 

This  upper va lue  w e l l  surpasses  t h e  

11. Hemoglobin - Oxygen A f f i n i t y  

The binding of oxygen t o  t h e  hemoglobin molecule has c e r t a i n  cha rac t e r -  

i s t i c s  t h a t  are descr ibed  by the  so-ca l led  oxygen d i s s o c i a t i o n  curve  of 

blood. The sigmoid shape of a t y p i c a l  d i s s o c i a t i o n  curve is assoc ia t ed  

wi th  t h e  i n t e r a c t i o n  of t h e  i r o n  contained i n  t h e  4 heme p o r t i o n s  of t h e  

hemoglobin molecule. The most important s i n g l e  c h a r a c t e r i s t i c  t h a t  i s  

used t o  compare t h e  d i s s o c i a t i o n  curves  of va r ious  animal spec ie s  is t h e  

p o i n t  ( i n  concen t r a t ion  of oxygen expressed i n  m Hg) a t  which h a l f  of t h e  

hemoglobin is s a t u r a t e d  wi th  oxygen (Hb = Hb02). 

T s a t  is a measure of t h e  r e l a t i v e  degree of t h e  tendency of t h e  hemo- 

g l o b i n  t o  j o i n  w i t h  oxygen i n  a loose  a s s o c i a t i o n .  

This  va lue  of T50 o r  

t 



The a f f i n i t y  of t h e  hemoglobin f o r  oxygen is s i g n i f i c a n t  i n  two 

processes  (a)  t h e  uptake of oxygen i n  t h e  lungs and (b) t h e  unloading 

o f  oxygen i n  t h e  t i s s u e s .  

a t i o n  curves t o  t h e  l e f t  (more a f f i n i t y )  of c e r t a i n  mamnals a t  high 

a l t i t u d e  permit  t h e  hemoglobin t o  become f u l l y  s a t u r a t e d  wi th  oxygen a t  

a p a r t i a l  p re s su re  a t  which t h e  blood of o t h e r  mamnals is only  p a r t i a l l y  

s a t u r a t e d  (7 ) .  

blood as compared t o  t h a t  of the  maternal organism ( 8 ) .  

t i o n s h i p s  have been descr ibed  fo r  t h e  developing ch ick  and f o r  t h e  l a rva  

of  t h e  b u l l f r o g  a s  compared t o  the  a d u l t  (9,101. 

The examples of the s h i f t i n g  of t h e  d i s s o c i -  

Another example of t h e  l e f t  displacement  is t h e  f e t a l  

S i m i l a r  rela- 

All of t h e s e  animals have i n  comnon an environment of r e l a t i v e  oxygen 

s c a r c i t y ,  which is being m e t  by a blood adapted t o  t ake  on a f u l l  load of 

oxygen a t  a lower oxygen pressure .  

However, it has been documented t h a t  t h e r e  is a c h a r a c t e r i s t i c  s h i f t  

o f  t h e  curve t o  t h e  r i g h t  w i th  the  diminishing s i z e  (weight) of t h e  animal 

which seems t o  be an  adap ta t ion  t o  t h e  metabol ic  need f o r  oxygen and, 

t h e r e f o r e ,  d i r e c t l y  r e l a t e d  t o  the  unloading of oxygen i n  t h e  t i s s u e s  (11). 

It has  been c a l c u l a t e d  t h a t  oxygen must be suppl ied  t o  the  t i s s u e s  of a 

mouse 15 t i m e s  f a s t e r  than  t o  a horse .  This  increased  need f o r  high 

oxygen is i n  p a r t  m e t  i n  t h e  mouse by decreas ing  t h e  d i f f u s i o n  d i s t a n c e  

from c a p i l l a r y  t o  c e l l  ( increased c a p i l l a r i e s  p e r  square  m i l l i m e t e r  c r o s s  

s e c t i o n )  and maintaining a higher  d i f f e r e n c e  i n  oxygen tens ion  a t  t h e  

c a p i l l a r y  and t h e  c e l l  (an increased  c a p i l l a r y  l e v e l ) .  

Recent work on v a r i o u s  spec ie s  of roden t s ,  a s  t o  p o s i t i o n  of d i s s o c i -  

a t i o n  curve and spec ie s  a b i l i t y  t o  e x t r a c t  oxygen from hypoxic atmosphere 

tends  t o  confirm t h e  hypothes is  of size-oxygen a f f i n i t y  r e l a t i o n s h i p  

(12, 13). 

b a s i s  of c e r t a i n  eco log ica l  f a c t o r s  i n  t h e s e  spec ie s .  

Severa l  no tab le  except ions e x i s t e d  and were explained on t h e  

The e f f e c t  of pH changes and t h e  s h i f t i n g  of t h e  d i s s o c i a t i o n  curve  

i n d i c a t e s  t h a t  t h e  smaller t h e  animal t h e  g r e a t e r  t h e  s e n s i t i v i t y  t o  pH 

s h i f t  (14). It has a l s o  been observed t h a t  a decreas ing  oxygen a f f i n i t y  

i s  accompanied by an inc reas ing  Bohr e f f e c t  (15). 
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It has been hypothesized t h a t  manunals t h a t  h ibe rna te  have hemoglobin 

which bind oxygen a t  low pressures .  

f a c t  t h a t  temperature  e x e r t s  a s t rong  i n f l u e n c e  on t h e  p o s i t i o n  of t h e  

d i s s o c i a t i o n  curve.  Human hemoglobin b inds  oxygen so t i g h t l y  a t  low 

temperatures  t h a t  i t  becomes a l m o s t  u s e l e s s  a s  a c a r r i e r  a t  15OC ( s h i f t e d  

t o  t h e  l e f t ) .  

This  sugges t ion  is complicated by t h e  

It w a s  t h e  aim of t h i s  phase of t h e  p re sen t  s tudy  t o  determine t h e  

d i s s o c i a t i o n  curves f o r  a number of s p e c i e s  of pocket mice (Perognathus) 

and eva lua te  t h e  r e s u l t s  i n  t h e  l i g h t  of p r e s e n t  knowledge concerning 

response t o  low body temperatures,  n a t u r a l  t o rpo r  and response t o  ion iz ing  

r a d i a t i o n .  

D i s soc ia t ion  curves  f o r  8 spec ies  of pocket m i c e  a r e  presented  i n  

F igure  1. A l l  d i s s o c i a t i o n  curves e x h i b i t  t h e  c h a r a c t e r i s t i c  

sigmoid shape t o  varying degrees.  

s a t  va lues  f o r  t h e  spec ie s  under cons ide ra t ion .  
% Table I11 is a t a b u l a t i o n  of t h e  T 

Table  I11 Hemoglobin ha l f  s a t u r a t i o n  va lues  f o r  
8 spec ie s  of pocket mice (Perognathus) 

Spec ies  

P. longimembris - 
P. amplus - 
P. formosus - 

, P a  parlrus 

- P. p e n n i c i l l a t u s  

P. f a l l a x  - 
P. c a l i f o r n i c u s  - 
P. b a i l e y i  - 

NO 

5 

5 

5 

5 

5 

5 

3 

5 

- Weight (nrams 2 

10.5 5 . 9  

16.9 23.4 

20.7 21.5 

22.7 +6.7 

25.8 21.9 

26.2 - +3.4 

30.4 - +2.4 

41.9 29.8 

- 

11 

T sa t  (rum Hg) f 
47 I 

35 

56 

35 

41 

50 

44 

44 



VERTICAL LINES INDICATE RANGE 
HORIZONTAL LINE INDICATES MEAN 
RECTANGLES ENCLOSE INTERVAL x f !a 

100 

75 

50 

25 

0 

75 

50 

25 

SATURATION 0 
(PERCENT) 

75 

50 

25 

0 

75 

50 

25 

0 
0 25 50 75 0 25 50 75 100 

PARTIAL PRESSURE OXYGEN (rnm Hg) 

F i g u r e  1. Oxygen d i s s o c i a t i o n  c u r v e s .  
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I' 
I 
I 
I 
I 
8 
II 
1 
I 
8 
I 
I 
I 
I 
I 
I 
8 
1 
I 

. 

It will be noted from Table I11 that there was only a 4 fold change in 

body weight from the lightest to the heaviest species; yet there was a 60% 

change in the T 
generaliy does fall within the expected range of T 

should be 41 to 46 rn Hg (11). 

a Tk of 35 m equal to about 600 gm. 

fairly well with experimental values of white mouse, deer mouse, house mouse, 

kangarop rat ( 4 9 ,  50 ,  52 ,  53 ,  respectively, Table IV)(11, 1 3 ) .  

sat values ( 3 5 - 5 6 ) .  It would seem that this group of animals 5 
sat values, from 10-40 gm k 

But several values fall outside the range with 

The higher values of 47,  50 ,  56 agree 

The prairie dog has blood that has a great affinity for oxygen 

(T4 sat = 22 rrun Hg) and it has been hypothesized to be associated with its 

fossorial nature which may present hypoxic situations. However, the same 

paper ignores the kangaroo rat which is equally fossorial with a T 
All of the pocket mice in the present study are fossorial and some spend consi- 

derable periods of time underground. The interpretation of the fossorial nature 

and high blood affinity for oxygen would be more complete if it were noted that 

prairie dogs are gregarious and live in colonies, as opposed to the other species 
which are solitary. It would seem that a social underground existence could re- 
sult in hypoxic conditions. 

sat = 53 mm Hg. k 

As of this date, only three species have been adequately tested as to res- 

ponse to hypoxia and cold, with emphasis on re-warming from hypothermia. 

- P. longimembris, p. fallax and - P. formosus (see first section for details) all 

have relatively high T sat values, 47,50, and 56, respectively. 
are able to re-warm from deep body temperatures below 10" C. It has been stated 
that 1. callfornicus is unable to re-warm from spontaneous torpor below 15" C ( 2 ) .  

This species has been determined to have a blood which has a greater affinity for 

oxygen than those that can re-warm from a low body temperature. 

A l l  three species f 

It may be significant to note that the relativdy high T sat values of those s 
animals that can re-warm from low temperatures may be an advantage at low tem- 

peratures. If the dissociation curve is shifted to the left with low temperatures, 

those animals that require a relatively high partial pressure of oxygen (high T 
sat) may have a dissociation curve that is still in the usable range at low 

f 

temperature. This is opposed to 

sat) at normal body temperatures 

at low temperature because it is 

k those that have a high binding capacity (low T 
but are unable to utilize the transported oxygen 

bound tightly to the hemoglobin. 

13 



Table IV 

A COMPARISON OF T1/2 SAT VALUES OF VARIOUS RODENTS AND LAGOM3RPHS 

1. whi te  rat  (Rat tus  norvegicus)  

2. hamster (Mesorcr icetus  au ra tus )  

3. co t ton  rat (Sigmodon hispidue)  

4. guinea  p ig  (Cavia p o r c e l l u s )  

5. whi te  mouse musculus) 

6. house mouse (Mus musculus) 

7. deer mouse (Peromyscus 9.) 

8 .  kangaroo rat (Dipodomys merriami) 

9. j ack  r a b b i t  (Lepus c a l i f o r n i c u s )  

10. c o t t o n t a i l  r a b b i t  (Sylv i lagus  f lo r idanus )  

11. prairie dog (Cynomys ludovicianue) 

14 

112 T 

Schmidt - 
N ie l a e n  

and 
Weight Larimer Hall 

gm 1958 19 66 

245 33 38 

88 29 29 

162 40 39 

375 34 30 

30 49 - 
18 - 52 

50 50 - 
47 I 53 

2,045 - 23 

2,242 - 31 

1,200 - 22 



1' 
1 
8 
t 
8 
I 
I 
1 
1 
I 
8 
I 
8 
I 
I 
I 
8 
I 
I 

. 

The resistance to ionizing radiation exhibited by several members of this 

genus, 5 longimembris, & formosus and P. parvus, apparently cannot be corre- 
lated directly with the oxygen transport system as delineated by the dissociation 

curve of whole blood. 

tremes of the T 
membris, in between. 

These resistant species of pocket mice fall into the ex- 

sat values 35 and 5 6 ,  with the most resistant species, - P. longi- f 

SUMMARY 

1. 

2. 

3 .  

4. 

The pocket mice, & longimembris, &fornosus and p. fallax are able to 
re-warm from artificially induced hypothermia at a level well into the 

range occupied by a classical hibernator, i.e., ground squirrel. 

The T 
on eight species of pocket mice generally fall within the expected range based 

on size. The blood of P.parvus and P. amplus have a greater affinity, and 
P. formosus and P, fallax have a lesser affinity for oxygen than predicted. 

sat values of the oxygen dissociation curve of whole blood determined f 

Variation of hemoglobin-oxygen affinity at the species level is as great 

as the variation in intraspecific comparisons. 

At this time, there appears to be no direct correlation between high 

blood-oxygen affinity and ability to re-warm from induced deep hypothermia 

in pocket mice. 
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